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ABSTRACT. In an eftort to develop a more effective measure for use in emergency control of the
dengue vectorledes aegypti, applications ofa combination ofa larvicide (.Ba cillw thuringiensis israelensis
[B.l.l.]) and an adulticide (permethrin) were made using a truck-mounted forced-air generator (ScorpionrM
20) and evaluated in the Dominican Republic. This method has the potential to simultaneously control
adults and larvae. In bioassay cages placed in household water containers at the time of application,
larval mortalities were 95.1 and 10006 for 2 application rates of permethrin mixed with.B.r.t. Adult
mortalities were not as impressive, probably because of resistance to permethrin. Higher adult mortality
in caged specimens (78.5o/o) and a substantial reduction in the natural population (68.4%) of Ae. aegypti
were obtained following a 2.1-g Al/ha application of deltamethrin alone.
INTRODUCTION
The increasing threat of dengue (DEN) and
dengue hemorrhagic fever (DHF) in the Amer-
icas has prompted renewed interest in the de-
velopment ofbetter vector control strategies. Be-
cause no cure or vaccine for dengue exists and
because the high cost oftreatment and hospital-
ization is a severe economic burden to affected
countries, vector control must be relied upon to
prevent or reduce transmission.
As a result of limited economic resources, es-
pecially in developing countries, reliance on re-
peated insecticide applications for the continued
suppression of Aedes aegypti (Linn ) populations
has diminished. There is, however, a renewed
interest in community participation and source
reduction yla the removal ofcans,jars, and other
water-holding containers, and the prevention of
mosquito access to larval habitats. Mosquito
production is frequently enhanced by the lack or
deterioration of municipal water supplies in
tropical, developing countries. This lack ofa de-
pendable water supply has encouraged the use of
an array of makeshift household water storage
containers commonly including 55-ga[on drums,
as well as tanks, cisterns, large cans,jars, buckets,
and other containers (Tidwell et al. 1990). Al-
though these provide more or less continuous
access to water for residents, they also increase
substantially the number of mosquito-producing
habitats with corresponding increase in mosqui-
to-borne disease (Gntz 1973). The increase of
the DEN and DHF threat in both the Americas
and Asia is a good example.
In the event of an epidemic of DEN and DHF
and the inescapable reliance on mosquito control
for its containment, it is important to have an
effective emergency vector control method. Ide-
ally, this system should provide rapid and effec-
tive control of both adult and larval vector mos-
quito populations. Generally, the reductions of
Ae. aegyptipopulations as a result ofcommunity
participation programs directed at the larvae are
slow in coming, and such programs are not prac-
tical foruse in emergency control situations (Gratz
1991), because they do not target adult mosqui-
toes that may already be infected with dengue
virus. Short-term vector control can be achieved
more rapidly and effectively through insecticide
application. In the past, larval and adult control
activities were conducted separately andwith suf-
ficient resources large areas could be treated.
However, in view of the current shortage of re-
sources and the expanding threat of DEN/DHF,
more efficient and effective control methods are
being sought.
Both favorable and unfavorable results from
using ultra-low volume (ULV) and thermal fog
insecticide applications to control Ae. aegypti
have been reported (Gratz l99l). Disparity in
the results obtained has been due primarily to
the insecticide application rate and the degree of
insecticide penetration of dwellings. As might be
expected, applications at higher rates together
with good penetration of dwellings have provid-
ed the best control of adult vector populations(Gratz l99l).
The objective ofthis study was to address these
factors and to evaluate a new forced-air system
under field conditions. This system combines the
ULV application of larvicide and adulticide for
use in emergency vector control.
t University ofSouth Carolina, International Center
for Public Health Research, p. O. Box 699. Mc-
Clellanville, SC 29458.
2 Servicio Nacion6l de Erradicaci6n de la Malaria.
Av. Duarte 269, Santo Domingo, Reptblica Domi-
nicana.
403

SepryrMsER 1994 Covrnol op Asoss AEerprt
Table L Results of truck-mounted ULV applications of insecticides against Aedes aegypti adults
and larvae in Santo Domingo, Dominican Republic (April 1993).
Number Corrected
mosqurtoes percent
tested mortalities3
Insecticide Rate Adultst Lawae2 Adults Larvae
405
o/o
population
reductiona
Permethrin
afud B.t.i.
Permethrin
and B.t.i.
Permethrin
afld B.t.i.
Deltamethrin
2.74 g Al/ha
788 ml/ha
5.58 g Allha
1,577 mUha
15.48 g AI/ha
2,586 mVha
2.lO g AUha
297
3 1 0
287
28r 299
9.9
16.6
28.2
78.5
100
95. r
100
l 5 . l
24.O
5.6
27.O
68.4
28r
289
3 l l
I Adults werc reared from ergs collected in Santo Domingo, D.R.
2 Laryae were reared from eggs originating from the Wedge colony.
3 Percent mortalities were corrected using Abbott's formula. Holding temp€ratures were 2l-26'C for adults and 25-29T. for
larvae for the 24-h periods.
a Percent population reductions were calculated by: [(prespray sweep net collection - postspray sweep net collection) +
prespray sweep net collectionl x 100.
impact of the application on the natural popu-
lation using the procedures described by Tidwell
et al. (1990). Sampling was begun 3 days before
the first spray application to determine prespray
adult population levels.
The impact of the treatments on adult mos-
quitoes was also assessed by scoring mortality in
bioassay cages. The bioassay cages cut from poly-
vinyl chloride pipe were 10 cm in diameter and
3.81 cm deep and both sides were covered with
a nylon tulle. Thirty minutes prior to a spray
application, a bioassay cage with 25 laboratory-
reared female Ae. aegypti (the colony originated
from eggs collected in Santo Domingo) was placed
under a bed, in a closet, or in some other "pro-
tected" site within each ofthe l0 selected houses
and 5 cages were placed in a control area. The
cages were removed approximately 30 min post-
application, placed in an insulated chest lined
with damp toweling and returned to the labo-
ratory. The specimens were transferred within I
h to clean 473-ml paper cartons and polyester
balls soaked in a l0o/o sugar solution were pro-
vided to them. The mortality was recorded after
24 h and percent mortalities were corrected using
Abbott's formula (Abbott 1925).
One floating bioassay cage with 25 late 3rd- to
early 4th-instar Ae. aegypti larvae (this colony
originated from the insecticide-susceptible col-
ony maintained by the International Center for
Public Health Research, The Wedge) was placed
in a drum at each of the l0 houses prior to the
spray application. The floating cages were similar
to those described by Sandoski et al. (1 986). These
cages were made from l.9-liter, round, plastic
food containers with 3 evenly spaced side win-
dows each 9.5 x 7 cm. A single circular window
9.5 cm in diameter was cut in the bottom. Three
ping-pong balls, used as floats, were hot-glued
into circular sockets cut in the areas between the
side windows and at a height that would permit
the screened side windows to remain under the
surface of the water. The windows were covered
with a 52 mesh nylon screen attached with hot
glue. After approximately 30 min, the larvae and
I liter of the container water were transferred to
the laboratory and held for 24-h mortality ob-
servations. Observations on the d€nsity of larvae
in the drums were made before and after insec-
ticide application to assess the impact of the spray
on the natural larval population.
The distribution and size of spray particles were
monitored through the use of magnesium-coated
and silicon-treated slides in battery-powered,
spinning droplet collectors placed approximately
I m from bioassay cages.
The effectiveness of individual spray appli-
cations was determined from the insecticide
droplet dispersal patterns, bioassay mortalities,
and natural population reduction data.
RESULTS AND DISCUSSION
A summary of the results is provided in Table
I . Good penetration was obtained using the Scor-
pion 20, ULV forced-air generator. The spray
reached all water-holding drums and tanks, both
inside and outside the houses, and larval mor-
talities ranged from 95.1 to l00o/o in the floating
bioassay cages. Inspection of the treated drums
on the next day revealed primarily late 4th-instar
larvae and pupae. Adult mortalities with the B.t.i.
* Permanone mixture were poor. Mekuria et al.(1991) demonstrated that Ae. aegypti popula-
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tions from the Dominican Republic possess a
high level of resistance to permethrin. Therefore,
resistance could account for the poor reduction
observed in these tests.
During previous ULV applications in this area,
mortalities obtained from mosquitoes in cages
in "protected" sites more accurately reflected the
reduction observed in the natural populations
than cages placed in unprotected areas. Suscep-
tible specimens that were meant to be used in
these cages were delayed in their development
and were unavailable at the time of this study.
Because penetration of the sprays was good, it
can be anticipated that use of an adulticide to
which there was no resistance would have
achieved a high level ofadult control.
Adult mortalities from deltamethrin were much
higher; with only a single application the natural
population reduction was 68.4010. This correlated
well with the high mortality (78.50/o) obtained
from the bioassay cages, all of which had been
placed in protected locations. Unfortunately, at
the time of this application an EC formulation
of deltamethrin that could be mixed with B.l.i.
was not available for testing.
Droplet mass median diameters for tests l-3
were 34.2, 22.0, and 42.8 prn, respectively, as
determined by measurement of 200 droplets from
magnesium-coated slides. Droplets from silicon-
coated slides exposed during test 4 had a mass
median diameter of 24.8 pm.
These tests demonstrated the excellent poten-
tial for the control of both adult and larval mos-
quitoes through a combined ULV adulticide and
larvicide application. This ULV application of
larvicide, blown into the houses and premises in
conjunction with the adulticide, has an economic
advantage in that the extensive manpower that
traditionally would have been required to indi-
vidually treat larval-producing habitats could be
substantially reduced.
With judicious selection of insecticides, forced-
air ULV application of larvicide/adulticide com-
binations has a good potential for use in emer-
gency control of DEN/DHF. The simultaneous
impact on adult and larval stages of the vector
can significantly and rapidly reduce the popu-
lation with consequent beneficial effects by lim-
iting disease transmission.
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